the DNA-binding protein H-NS in affecting the activation of these acid-induced genes.
The enteric bacterium Escherichia coli can grow under many stressful environmental conditions by regulating the expression of appropriate operons. Our focus has been on the regulation of some known enzymes which are dramatically induced under acidic conditions (i.e., the biodegradative amino acid decarboxylases). These are major cellular proteins of E. coli, each synthesized at high levels composing over 2% of the total protein under induced conditions (28) . The structural gene for lysine decarboxylase, cadA; a putative transporter-encoding gene, cadB; and the activator gene, cadC, essential for cadA induction have been sequenced (15, 30) . The lysine-responsive regulatory gene, cadR, was mapped (19, 29) and was recently sequenced and recognized as a lysine-specific permease (25) . A site of action essential for acid activation of the cadBA promoter has been located (16) . In the case of arginine decarboxylase, the nucleotide sequence of the structural gene adi, its promoter region, and the strong influence of gyrase inhibition on the expression of adi have been reported (26) .
In this report, we describe the isolation of mutants that were altered in acid regulation of the adi and cadA genes on the basis of altered expression of 3-galactosidase in lac fusion strains. We show evidence that several mutants with elevated expression at pH 8.0 all contain a transposondisrupted hns gene.
The abundant histone-like DNA-binding protein H-NS compacts DNA (24) , and mutations in the gene encoding H-NS, variously designated osmZ (7), puG (11) , drdX (4), bglY (13) , and hns (18) , affect the expression of a number of environmentally sensitive genes. Some mutants also exhibit altered DNA supercoiling of reporter plasmids (2, (7) (8) (9) (10) , though to different degrees because of allele specificity. The results we have obtained suggest that protein H-NS acts to reduce the expression of cadA and adi, especially at noninducing pH (pH 8.0). The mechanism of H-NS's function on specific genes is not quite clear, though it has been suggested to be due to its effects on DNA conformation or its ability to * Corresponding author.
cover the DNA and interfere with the action of repressor or activator proteins (2, 4, 9, 14) .
Identification of a group of "derepressed" mutants. In previous work, strains carrying Mu dI 1734 (Kmr lac) fused to the adi (GNB7145K adi::lac) or cad (GNB8385K cad::lac) gene were constructed (1) . The P-galactosidase activities of these strains reflected the acid-inducible gene expression from the biodegradative arginine or lysine decarboxylase gene.
Transposon mutagenesis was conducted on these two lac fusion strains in an attempt to find any mutations that could affect the 0-galactosidase expression. GNB7145K adi: :lac was transformed with the temperature-sensitive suicide vector pCHR83 bearing Tn5-Cm, as described by Sasakawa and Yoshikawa (22) , and chloramphenicol-resistant colonies were screened at 420C on MacConkey lactose plates. GNB8385K cad::lac was infected with X1098 as described previously (31) . Colonies bearing the transposon were obtained on MacConkey lactose plates supplemented with 15 ,ug of tetracycline per ml. Colonies with sizes and colors markedly different from those of the parent were considered expression mutants and were restreaked daily to maintain the transposon-bearing strains. A group of the mutants thus obtained had a dark red color and tiny size on MacConkey lactose plates. Two such mutants from GNB7145K, namely, GNB725 and GNB729, and three from GNB8385K, namely, GNB88, GNB824, and GNB837, were chosen for further studies (Table 1) .
f-Galactosidase activities were assayed on these strains under anaerobic growth conditions at pH 5.5 and 8.0, using a method modified from that of Miller as described earlier (1, 16) . Compared with their corresponding parent strains, all mutants of this colony phenotype showed elevated (derepressed) 13 -galactosidase values at pH 8.0, and thus the extent of low-pH induction was much lower (Table 2 ). P1 crosses were performed as described before (1) (5) . Transformant colonies with appearances similar to those of the parent strains (GNB7145K or GNB8385K) rather than to those of the Tn mutants were identified on MacConkey lactose plates supplemented with ampicillin, restreaked several times, and assayed for P-galactosidase expression at both pH 8.0 and 5.5. A group of plasmids isolated in this way could decrease the P-galactosidase levels of the mutants to values even below those of the parent strains, especially at pH 8.0 (Table 4) . If it is true that these mutants had derived from the disruption of a single trans-acting gene whose product would normally repress the expression of the adi gene and the cad operon, then overproduction of this gene (by the presence of the gene on a high-copy-number plasmid) Culd apparently repress the expression even further to give a value below that of the parent strains. As described below, detailed restriction enzyme mapping of the plasmids and Southern hybridization studies on the mutant chromosomal DNAs defined this gene as hns, the structural gene for the histone-like protein H-NS.
Identification of the mutants as hns::TnlO or hns::TnS. We deduced restriction maps of the complementing plasmids and compared them with the maps of the chromosomal region surrounding the transposon in the mutant strains. A detailed restriction enzyme map of the complementing plas- (12) , is shown in Fig. 1 . Then, using part of Tn1O as a probe, we mapped the chromosomal region surrounding the TnlO in the cad::lac-derived mutants by Southern hybridization as described previously (1) . Plasmid pDJ19 contains the Tcr element (bp 1942 to 4827 of TnlO). A HindIII fragment from pDJ19 carrying residues 4827 to 2272 of TnlO was labeled with [(a-32P]dATP by nick translation and used as a probe to hybridize restriction enzyme-digested chromosomal DNAs from the hns::TnlO mutants GNB88, GNB824, and GNB837. The same number and sizes of fragments were always obtained from GNB824 and GNB837 (data not shown), so these two mutants are shown as the same in Fig. 1 . When the chromosomal restriction maps were aligned with that of GNB88, we found that the restriction sites around TnJO were exactly the same, except that TnJO was inserted in an opposite orientation (Fig. 1) .
We could align the restriction maps of the complementing plasmids within an overlapping PvuII-PstI-EcoRI-EcoRI region. In addition, the plasmids were shown to contain the same DNA region by a Southern hybridization experiment. The overlapping region was used as a probe, and positive bands of the sizes expected on the basis of restriction maps shown in Fig. 1 were observed. We derived a 9-kb restriction fragment from these maps and conducted a computer map search with the programs kindly provided by Kenneth E. Rudd (20, 21) . The highest-score alignment was found to be contains most of the hns gene sequence (see Fig. 3 ). The size in kilobases is shown at the right.
at 27.8 to 27.9 centisomes. By examination of the E. coli map provided along with the Mapsearch programs, we found that the gene disrupted by TnlO was hns, the structural gene for the histone-like protein H-NS. Southern hybridization experiments were conducted to further demonstrate that the location of the Tn on the chromosome was within hns. Figure 2 shows the results of such an experiment. PstI-digested chromosomal DNAs from our mutants and a known hns (osmZ)::TnlO strain, GM230 (7), were probed with an [a-32P]dATP-labelled, 0.4-kb PvuIIEcoRI fragment which contained most of the hns gene (Fig.  1) . PvuII+EcoRI-digested p37T8 (one of the complementing plasmids) and a known hns+ plasmid, pTHK113 (11), were included as controls. As expected, both plasmids contained a positive 0.4-kb band. Two bands with sizes of 2.8 and 1.6 kb appeared with the two parent strains GNB7145K and GNB8385K. For the cad::lac-derived mutants GNB88, GNB824, and GNB837, 2.8-and 4.5-kb fragments were observed. Since there is no PstI site on the 2.9-kb Tn1O-Tcr element, this indicated that TnlO was inserted within the 1.6-kb PstI-PstI fragment. The larger band found in GM230 is due to the larger TnlO transposon in this strain. As for the GNB7145K hns mutants, since TnS-Cm has internal PstI sites 0.7 kb from each end (Fig. 3b) , the results in Fig. 2 also implicated that TnS-Cm was inserted on the 1.6-kb PstI-PstI fragment, giving a 2.8-and a <1-kb band, the latter of which was composed of 0.7 kb from TnS and a short segment from hns. The location of the insertions was further defined to be between the PstI and the PvuII sites shown in Fig. 1 We also show that the disrupted chromosomal region of the TnS-Cm-derived mutants (GNB725 and GNB729 [ Fig. 2]) contains the entire transposon. Because three (PstI, HindIII, and EcoRI) of the seven restriction enzymes used for mapping cleave TnS-Cm twice (Fig. 3b) , restriction mapping on chromosomal DNAs from TnS hns mutants was difficult. We show, however, that the size of the EcoRV chromosomal fragment spanning hns is altered in these mutants. As shown in Fig. 3a , both the Cmr probe (a 1.35-kb PvuII-HindIII fragment from pBR328 [23] ) and the hns+ probe (a 0.9-kb hns-containing StuI-EcoRI fragment from PTHK113) hybridized to an EcoRV band of the same size (5.7 kb) on the chromosomal DNA of GNB725 and GNB729. As expected, the hns+ probe hybridized to a much smaller EcoRV band from GNB7145K DNA, and the size difference between the bands is consistent with the size of the TnS-Cm transposon (Fig. 3b) . Presumably, these two probes recognized the same fragment which contains both hns and Tn5-Cm. Overall, the results support the idea that the derepressing mutants we obtained are mutations in a single gene, hns, and that this series of complementing plasmids all contain the wild-type hns sequence, with abutting segments differing in size.
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